The intracellular Epstein-Barr virus (EBV) DNA present in virus-transformed cells was partly purified from 23 cell lines or biopsies of Burkitt lymphoma, nasopharyngeal carcinoma, infectious mononucleosis, or healthy carrier origin. Such DNA was cleaved in fragments (A-K) of molecular weights between 1 X 106 and 30 X 106 with restriction enzyme EcoRI, and these fragments were analyzed by standard methods involving agarose gel electrophoresis, transfer to nitrocellulose filters, and hybridization with radioactive EBV DNA or complementary RNA. Sequence variability among different EBV DNA isolates was largely confined to the A, C, and I fragments. These results are discussed in relation to the linkage map of the EcoRI fragments of EBV DNA. The EcoRI cleavage pattern of intracellular viral DNA of an EBV-like virus from baboon cells, Herpesvirus papio, was entirely different from that of human EBV isolates.
Strain differences in tumor viruses have often been characterized by restriction enzyme cleavage of viral DNA followed by determinations of the sizes of the DNA fragments by gel electrophoresis (1) . Since the Epstein-Barr virus (EBV) is associated with several distinctly different forms of human disease, it has been of interest to estimate the degree of strain variability of this virus. No useful experimental lytic system is available for production of EBV particles from many different sources. A small minority of virus-transformed cell lines spontaneously produce virus, and comparisons among Epstein-Barr virion DNAs have been limited to two or three different isolates (2) (3) (4) (5) (6) . Human cell lines and tumor biopsies that contain EBV DNA without releasing virions nevertheless carry multiple copies of EBV DNA molecules, with both nonintegrated circular forms of viral genome length and sequence complexity and integrated viral DNA sequences being present (7, 8) . In at least some cases, the virus may be rescued from such nonproducer cell lines by fusion with EBV-negative cells and induction (9) . In the present study, nonintegrated EBV DNA molecules have been partly purified from lysates of cells originating from Burkitt lymphomas, poorly differentiated nasopharyngeal carcinomas, patients with infectious mononucleosis, or healthy carriers. This DNA has been fragmented and analyzed by standard methods involving cleavage by EcoRI enzyme, separation of the DNA fragments by gel electrophoresis, transfer to membrane filters, hybridization with radioactive EBV DNA or complementary RNA (cRNA), and fluorography (10) (11) (12) (13) .
MATERIALS AND METHODS Cell Lines and Tumor Biopsies. Lymphoid cell lines were grown in stationary suspension culture. Cells from Kenyan tumor biopsies and tumor cells grown in nude mice were gifts from George Klein and were treated as described (14) . Three Burkitt lymphoma biopsies (J.N., R.W., and A.G.) and two biopsies of poorly differentiated nasopharyngeal carcinoma (K.C. and L.L.) were investigated. The following cells known to contain circular nonintegrated EBV DNA were studied: the African Burkitt lymphoma lines Raji and Rael (8) ; the American Burkitt lymphoma line SU-AmB-2 (15); the nasopharyngeal carcinoma epithelial cell isolate M.M. grown in nude mice (14) ; the nasopharvngeal carcinoma lymphoblastoid cell line LY-28 (16); infectious mononucleosis lines Salomon, TW16, TW20, JHTC-33, IM-198, and cb35B1 (17) ; and lines F-265, NC-37, U-303 L, and SK-Li from individuals without EBV-associated disease (8, 16) . In addition, the Kenyan Burkitt lymphoma line Daudi (18) , the cbc29 line obtained by transformation of cord blood leukocytes with the B95-8 strain of EBV, and the EBVnegative lymphoma line U-698 (19) were investigated. Abongo is a Kenyan Burkitt lymphoma line grown in nude mice. The Herpesuirus papio-transformed baboon lymphoid cell line 18-C contains circular nonintegrated viral DNA of viral genome length* and was also included in the study.
Partial Purification of Nonintegrated EBV DNA. High molecular weight DNA, about 10-fold enriched in EBV DNA, was prepared from cells as described (20) . Briefly, cell lysates were obtained with Sarkosyl/EDTA, treated with Pronase, and fractionated by neutral CsCl density gradient centrifugation. DNA fractions of density 1.714-1.722 g/cm3 were pooled, dialyzed free from Cs(-Il, and concentrated by ethanol precipitation. EB3V DNA preparations from virions released by B95-8 and P3HR-1 cells were made as described (20) .
Radioactive EBV DNA and cRNA. EBV DNA was labeled with 125I-labeled dCTP (1251-dCTP) (21) 10 ,ul of 0.5 M EDTA, and the DNA was precipitated with ethanol at -20'C. The precipitate was dissolved in 50,ul of 20% glycerol/10 mM Tris-HCI, pH 7.5/0.1% sodium dodecyl sulfate/0.05% bromophenol blue, and DNA samples of [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Mil were loaded into 5 X 2 X 4 mm slots in 26 X 16 X 0.5 cm horizontal 0.35% agarose (Litex HSC, Glostrup, Denmark) slab gels. The gels were run for 18 hr at 1.3 V/cm and 60C, using a buffer system containiIg 50 mM Tris acetate (pH 7.9), 20 mM sodium acetate, 1 mM EDTA, and 0.5 jig of ethidium bromide per ml. B95-8 EBV DNA was included as a reference in all gels. The DNA in the gels was then denatured in situ and transferred to nitrocellulose sheets (BA85, Schleicher & Schuell) as described by Southern (10) . After the filters were washed, dried, and baked at 80'"C for 4 hr, they were inserted into polyethylene bags and preincubated with Denhardt's solution (0.02% Ficoll/0.02% polyvinylpyrrolidone/0.02% bovine serum albumin) in quadruple strength NaCl/citrate (NaCl/citrate contains 0.15 M NaCl and 15 mM sodium citrate, pH 7.0)/0.1% sodium dodecyl stulfate/50 jig of sonicated calf thymus DNA per ml at 670C for 6 hr. Hybridization was carried out at 670C for 40 hr in 6 ml of Denhardt's solution containing quadruple strength NaCl/ citrate, 0.1% sodium dodecyl sulfate, 50 jig of sonicated DNA per ml, 5 mM potassium iodide, and 0.1 jig of '251-labeled nick-translated B95-8 EBV DNA. The membranes were rinsed in 2-fold concentrated NaCl/citrate and washed at 670C in the hybridization buffer for 3 hr, in 2-fold concentrated Na(CI/citrate/1% sodium dodecyl sulfate for 30 min, in NaCl/citrate for 30 min, in half strength NaCl/citrate for 30 min, and in quarter strength NaCII/citrate for 30 min. They were then air-dried and subjected to fluorography at -700C with Kodak X-Omat R film and Agfa Gevaert M.R.600 intensifying screens. Several different exposure times were needed to clearly discern both large and small fragments. Membranes to be hybridized with cRNA were not pretreated as described above for DNA/ DNA hybridization. Hybridization was carried out at 67' C for 40 hr in 6 ml of a solution containing quadruple strength Na(1/citrate. 0.1% sodium dodecyl sulfate, 0.1 mg of yeast UNA per tni, and 0.1 pg of 32P-labeled P3HRI-1 E13V cRNA. Th'le membranes were washed in 2-fold concentrated NaCl/ citrate at 370C for 2 hr, and then again at 67°'C for I hr, treated wvith 20 pg of RNase A per ml of 2-fold concentrated NaCl/ citrate at 37C' for 1 hr, arid washed with NaCI/citrate for several hours at room temperature. They were then dried arid fluorographed as described above. Strain differences By comparison of the EcoRI cleavage patterns of many different EBV DNA isolates, it became clear that the sizes of certain fragments show considerable variation, whereas other fragments appear highly invariant. In the latter group, the F, H, and J fragments had the same size in all isolates, and the (D+E) and (G1+G2) bands were also always present. The B band was of the same size in 24 of 25 isolates, the exception being EBV DNA from LY-28 cells (Fig. 3) . The LY-28 line is derived from a Hong Kong nasopharyngeal carcinoma biopsy (24) and is the only Asian EBV strain studied here. In material from LY-28, the B fragment was missing but two additional bands were instead found close to the smaller D (Fig. 2) .
RESULTS
Many differences are found in the C fragment region, and this section of the EBV DNA sequence shows the greatest variability among different isolates. The C fragment has a Mr of about 11.4 X (25) .
A minority of the EBV DNA isolates were missing the I band, whereas the smaller J band could be clearly visualized in the same digests. Among (26) . Circular nonintegrated H. papio DNA has been found in a virus-transformed baboon lymphoid cell line, 18-C,* and partly purified H. papio DNA from this line was cleaved with EcoRI and analyzed with an EBV DNA probe (Fig. 4) . A heavy band was found between the B and C' bands of the B95-8 EBV DNA reference, and five weaker bands between the A and B, E and F, F and G, and J and K bands were also detected. There was no similarity between the band patterns generated from any of the EBV DNA isolates and H. papio (2) , the possibility that a sniall, variable stretch of host DNA may be included in the C fragnient cannot presently be ruled out. Cell Biology: RN-mo et al.
The different EBV DNA isolates investigated here were largely similar, and in most cases only one or two differences were detected among individual cleavage patterns. In four separate cases, the patterns were even indistinguishable. Interestingly, the American Burkitt lymphoma line SU-AmB-2 yielded EBV DNA circles with the same EcoRI cleavage pattern as EBV DNA from the African Burkitt lymphoma Abongo, propagated in nude mice. These EBV DNA preparations were made and analyzed at different times, precluding the possibility of crosscontamination. The structural similarity between intracellular EBV DNA from biopsies and cell lines has been noted in a previous study on a smaller number of isolates by similar techniques (13) . Because no attempt was made to purify the nonintegrated EBV DNA in that work and the high agarose concentration in the gels precluded an adequate size estimation of the largest DNA fragments, it is difficult to compare those results with the present ones in more detail.
It has often been speculated that viral strain differences, in addition to cellular immunologic and genetic factors may be important for the disparate interactions of EBV with its host. However, at the present level of resolution, no obvious disease-related differences could be discerned among EBV DNA isolates of either tumor or nontumor origin. While the present approach essentially rules out that highly defective EBV strains are associated with certain diseases, more subtle sequence differences within the EBV genome may well still be of critical biological importance. 
